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(54) Title: ELECTROCHEMICAL CELLS 
(57) Abstract 

An electrochemical cell com- 
prises a porous membrane (8) of 
electrically insulating composition, 
the membrane having pores (not il- 
lustrated) communicating from one 
side of the membrane to another, a 
working electrode (5) disposed on 
one side and a counter or pseudo- 
reference electrode (7) disposed on 
the other side. A target area (11) 
of one electrode is liquid perme- 
able and extends over the surface 

of membrane (8) without blocking underlying pores of the membrane. Optional insulating layers (9, 10) cover the electrodes (5, 7) and an 
opening defines the target area (1 1). Preferably, the porous membrane is impregnated with reagents, for example GOD/Ferricyanide. 
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ELECTROCHEMICAL CELLS 



FIELD OF THE INVENTION 

This invention relates to an improved 
electrochemical cell and to a method of detecting 
and measuring an analyte using such a device. 
BACKGROUND OF THE INVENTION 

The invention will be described with reference 
to a glucose biosensor but it should be understood 
that this use is illustrative only and the invention 
may be applied to other types of sensors or systems 
based on electrochemical cells e.g. high temperature 
filters, display items, instruments for chemical 
analysis, for example of heavy metals in waste water 
or the like. 

Electrochemical glucose analysers such as those 
used by diabetics to monitor their blood sugar 
levels and in clinics or hospitals are based on 
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reaction pathway (a) :- 
Glucose 



Glucose oxidase 
(oxidized) 




radiator (red) 



Qucondactone 



(a) 




Glucose oxidase 
(reduced) 



(b) 



mediator (ox) 



electrode 




Typically, a sensor within an analyser 
comprises of a mediator which transfers electrons 
between an enzyme and an electrode as shown in 
reaction pathways (b) above. The signal produced 
upon such a transfer is processed and expressed as a 
function of the enzyme substrate, for example, the 
use of glucose oxidase (GOD) for the measurement of 
glucose in blood or serum. 

A known glucose sensor is a strip on one end of 
which is a predefined target or sample area and 
having three electrodes each attached lengthwise on 
the strip and across the target area. A silver 
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chloride electrode in the middle forms a 
pseudo- reference electrode and the remaining two are 
known as working electrodes. Each working electrode 
is formed of a core of carbon paste. One of these 
electrodes is coated with a layer of GOD and 
mediator and the other with a layer of mediator such 
as ferrocene. 

A drop of blood or sample amounting to about 
25iil is applied onto the target area and the strip 
is then inserted into a detector which measures the 
current at each of the working electrodes. This 
current corresponds to the oxidation of the 
ferrocene, and (at the working electrode containing 
GOD) the reoxidation of ferrocene produced by the 
reduction of mediator due to the reaction pathway 
described above. The difference in chese currents 
is used to estimate the original glucose 
concentration in blood. 

EP 289 269 describes a biosensor comprising a 
base sensor strip and an overlying exclusion layer 
or membrane which excludes red blood cells or 
regulates the flow of sample onto the sensor strip. 

In WO 93/13408, a similar arrangement wherein a 
composite membrane welded to a housing containing 
electrodes is disclosed. The composite membrane 
consists of a porous membrane with an immobilized 
catalytic agent and at least one of a protecting or 
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blocking membrane. The catalysed product flows from 
the composite membrane into an aperture defined 
within the housing to interact with the electrodes. 

EP 230 472 discloses a perforated body such as 
nylon non-woven fabric positioned above an 
insulative base on which three electrodes are screen 
printed. A sample is applied above the perforated 
body and passes through it onto the base where an 
enzyme catalysed reaction occurs, 

U.S. 4,431,507 discloses an electrode 
arrangement in which two working electrodes are 
dispersed on opposite sides of a porous membrane, 
one to prevent interfering materials contained in 
the test solution from being oxidized by the other 
working electrode. 

The electrode arrangement is used in a cell 
having a buffer solution in which a counter and 
reference electrode are suspended. 
DISCLOSURE OF THE INVENTION 

The present invention is directed to a new and 
improved electrochemical cell which enables levels 
of analytes such as glucose to be measured 
precisely, conveniently and rapidly whilst using a 
small volume of sample. It provides a useful 
alternative to presently available sensors. 

According to one aspect, the invention consists 
in an electrochemical cell comprising a porous 
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membrane of electrically insulating composition, the 
membrane having pores communicating from one side of 
the membrane to another, 

a working electrode disposed on one side, 

a counter or pseudo- reference electrode 
disposed on the other side, 

and wherein a target area of at least one 
electrode is liquid permeable and extends over a 
surface of the porous membrane without blocking 
underlying pores of the membrane. 

The working electrode is the electrode at which 
the electrochemical reaction that is being measured 
takes place. Where accurate definition of the 
potential of the working electrode is required, 
separate counter and reference electrodes may be 
used. The counter electrode completes the circuit 
and the reference electrode defines the potential of 
the working electrode. In many applications less 
accurate definition of the working electrode 
potential is required. In these cases the function 
of the reference electrode and counter electrode can 
be combined into a single electrode called a 
"pseudo- reference" or combined "counter /reference" 
electrode. In the present invention either a 
counter electrode or a pseudo-reference electrode is 
disposed on an opposite side of the membrane from 
the working electrode. In the present invention 
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either a counter electrode -or a pseudo- reference 
electrode is disposed on an opposite side of the 
membrane from the working electrode. If a reference 
electrode separate from the counter electrode is 
employed the reference electrode may be on the same 
side of the membrane as the counter electrode or on 
the working electrode side, or external to the 
membrane . 

The porous membrane is preferably of a kind 
hciving pores which increase in diameter from a 
smooth or shiny side to a rough side. In 
particular, the porous membrane is desirably of the 
kind disclosed in US Patent Nos. 4 629 563 and 4 774 
039 both of which are incorporated herein in their 
entirety by reference. 

At least one of the electrodes must be formed 
so as not to block the underlying pores of the 
membrane so as to be permeable by a solution or 
suspension of an analyte. It is not essential that 
the electrode is porous over its entire area, but 
must be permeable to liquid in at least a target 
area. 

Preferably, at least one electrode is formed by 
sputter deposition, electroless plating, 
electroplating, evaporation, anodization or the like 
on the surface of the membrane so as to form a 
continuous film on the surface of the membrane, the 
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film not covering pore openings but defining the 
mouth of pore openings so that the electrode is 
permeable in a target area. In the case for example 
of a cell for determining glucose, the electrode 
porosity is sufficient to allow the passage 
therethrough of blood serum, the porosity being 
determined partly by the size of pore openings of 
the selected porous membrane. A preferred electrode 
film thickness is 10-200nm, particularly 60-120nm. 
Desirably both electrodes are sputtered or 
evaporated under partial vacuum and liquid permeable. 

The target area is desirably defined by an 
opening in an insulating layer overlying one of the 
electrodes . 

In a highly preferred embodiment, the 
electrochemical cell is used for determining glucose 
levels and thus comprises a GOD/f erricyanide treated 
membrane which fractionates serum from whole blood 
by virtue of its asymmetric porosity. 

In another aspect of the invention, there is 
provided a process of producing an electrochemical 
cell, comprising the steps of disposing an electrode 
on each of two sides of a porous membrane, at least 
one of the electrodes being water permeable, 'storing 
a catalytic/mediator reagent in the porous membrane 
where desired, and defining a target area on one of 
the electrodes. 



WO 95/28634 PCT/AU95/00207 

- 8 - 

BRIEF DESCRIPTION OF DRAWINGS 

An embodiment of the invention will* now be 
described, by way of example only, with reference to 
the accompanying drawings in which: 

Figure 1 is a schematic diagram showing a 
sequence of steps for manufacture of a glucose 
sensor 1 shown in side view cross -section. 

Figures 2 and 3 respectively show the top and 
bottom plan view of the biosensor 1. 

DESCRIPTION OF PREFERRED EMBODIMENT OF THE INVENTION 

A clean membrane 2 having small pores on the 
shiny or smooth side 3 and larger pores on the rough 
surface 4 is sputtered with gold to form working 
electrodes 5. The rough surface is additionally 
sputtered with silver at 6 and then chloridised to 
form a reference or counter electrode 7 . The 
electrode coated membrane is then impregnated with a 
catalytic/mediator reagent 8 such as GOD/Fe 
(CN)^~ after which layers 9, 10 of an 
electrically insulating composition are applied. A 
permeable target area 11 is defined on the membrane 
by punching an area from 9 . 

The asymmetric, porous membrane 2 used is 
preferably made by a process disclosed in US patent 
nos. 4 629 563 and 4 774 039 and may comprise at 
least one polymer selected from polysulphones, 
polyamides, polyvinyl idene halides, 
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polyacrylonitriles, polycarbonates or the like. The 
thickness may be about 180ji, preferably from 
30-150n with pore diameters of at least 10 
kilodalton cut-off (lower limit) to 5pm, and 
preferably from 0.2pm to 0.5pm. Membranes which 
are hydrophillic, inert and do not lyse red blood 
cells but aid separation of serum and red blood 
cells are especially preferred. 

Although two gold working electrodes or working 
electrodes 5 are shown in Figure 1, one working 
electrode on the smooth side is preferred, the 
electrode on the opposite side being a reference or 
counter or combined counter/reference electrode. In 
addition to gold, metals such as platinum, 
palladium, iridium, lead, a noble metal or an alloy 
may be used in forming the working electrodes. The 
working electrodes may be applied by sputtering, 
evaporation under partial vacuum, by electroless 
plating, by electroplating, or the like, so as to 
form a continuous film on the smooth face. When 
there are two working electrodes, they may be of 
different metals or alloys. 

A counter or reference or combined 
counter/reference electrode may optionally be 
deposited on the rough face of the membrane by 
sputtering, evaporation under partial vacuum, 
electroless plating, electroplating, or the like. 
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The counter or combined counter /reference electrode 
may, for example, be of gold, platinum, palladium, 
silver or other suitable metal. Nickel hydroxide or 
a silver halide may also be used to form the 
reference electrode. Silver chloride may be used 
although chloridisation may not be necessary if 
silver is used as sufficient chloride ions may be 
present in the blood sample. 

The working and reference electrodes may be 
defined or patterned on the respective sides of the 
membranes using masks. Separate counter and 
pseudo- reference electrodes on the rough surface may 
also be defined using masks. This may remove the 
need for a silver halide or other reference 
electrode . 

Masks may also be used to define the insulating 
layers. Such layers may be prepared by plasma 
polymerisation for example. Alternatively, 
impermeable layers may be laminated onto the 
membrane as insulation. However, the target area 
through which the sample interacts with the sensor 
or membrane should be free of such insulation. This 
may be achieved by punching or cutting out an area 
after the layers are applied. A small target area 
e.g. 1mm square is preferred as one advantage of the 
new sensor is the requirement of a small volume of . 
sample such as compared with about 25]il in 
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the prior art. 

A laminate of support layer on the smooth, 
working electrode side may also be desirable as it 
will create a working electrode cavity, preventing 
cooling as a result of evaporation and also allow 
air to escape the working electrode cavity through 
grooves in the support layer, if present. 

The impregnation of the membrane with preferred 
agents such as GOD / f err i cyanide may be undertaken on 
an untreated membrane, on a membrane after 
electrodes have been applied or on a membrane after 
the insulating layers have been applied. The 
mediator may be impregnated in the oxidized or 
reduced state (e.g. ferricyanide or f errocyanide) . 
An oxidized mediator will minimize the initial 
current . 

Any electrochemically interfering substances 
will be present at substantially constant 
concentration throughout the test. In contrast, the 
reduced mediator concentration will build up in 
concentration as the test progresses. Therefore a 
voltage pulse at the start of the test ,will measure 
predominantly the electrochemically interfering 
sxibstance, whereas one at the end of the test will 
measure the electrochemically interfering substances 
plus the reduced mediator produced by turnover of 
the. glucose. Subtraction of the first signal from 
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the last will remove or reduce the effect of the 
electrochemically interfering substances . For 
example, an initial pulse of 0.1-10 seconds e.g. 2 
seconds measures the effect of electrochemically 
interfering substances. A subsequent delay of 1 to 
100 seconds e.g. 8 seconds is effected by 
disconnecting the electrodes after which a further 
pulse again measures the effect of electrochemically 
interfering substances. However, there is now an 
increased glucose dependent current due to the 
accumulation of reduced mediator near the electrode. 

Other advantages of the instant invention are 
provided by the use of an asymmetrically porous 
membrane which fractionates serum and red blood 
cells, allowing a cleaner serum or substrate to 
interact with the reagents. Sample evaporation 
arid/or interference is also reduced as the sample is 
able to held and "sheltered" within the membrane, 
again improving sensitivity of measurement. The 
dual acting membrane which serves as a fractionator 
and sensor allows a glucose measurement to be 
completed rapidly e.g. in up to about 20 seconds. 

The sensitivity of the new sensor can be 
further improved by employing two working electrodes 
each poised at a different potential with either 
oxidized or reduced mediator or ferricyanide 
impregnated in the membrane thus allowing the 
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electrodes to be switched in only during the last 
few seconds or continuously. The subtraction of one 
value from the other would further reduce effects of 
electrochemically interfering substances. 

Similarly, the use of two working electrodes of 
different metals/alloys may further reduce the 
contribution by electrochemically interfering 
substances . 

It will be understood that in use an apparatus 
is required to define the voltages applied to the 
electrodes and measure the resulting current. 

Humidity and/or temperature sensors may 
optionally be incorporated in the apparatus to 
compensate for humidity or temperature effects. 

Other variations may be employed without 
departing from the scope of the invention. Although 
the invention has been described with reference to a 
specific example, it will be appreciated by those 
skilled in the art that it may be embodied in many 
other forms. For instance, the electrochemical cell 
of the invention may be incorporated as a sensor 
into a pen- or needle- like analyser, a disposable 
strip or other devices for either external or 
in- vivo use. 

Other uses of the invention include, for 
instance an array of thin electrodes or cells 
placed in a perpendicular fashion for electrochromic 
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displays. As an example, overlapping electrodes 
could be used to address the elements in a 
slow -updating, large area display. The selective 
addressing of display elements in a large area may 
be achieved by a concentrated field through the 
porous electrode and membrane at the point where 
electrodes cross. An electrochromic material could 
be used to provide a colour change on the surface of 
the electrode. Different electrochromic materials 
could for instance be immobilized to the surface of 
each electrode to provide a colour display. 
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CLAIMS : - 

1. An electrochemical cell comprising a porous 
membrane of electrically insulating composition, the 
membrane having pores communicating from one side of 
the membrane to another, 

a working electrode disposed on one side, 
a counter or pseudo- reference electrode 

disposed on the other side, 

and wherein a target area of one electrode is 

liquid permeable and extends over a surface of the 

porous membrane without blocking underlying pores of 

the membrane, 

2 . An electrochemical cell according to Claim 1 
wherein the membrane pore openings are of a larger 
cross -section on one membrane surface than on the 
opposite surface. 

3. An electrochemical cell according to Claim 1 or 
Claim 2 wherein working electrode comprises a metal 
selected from the group consisting of gold, 
platinum, palladium, iridium, lead and alloys 
thereof . 

4. An electrochemical cell according to any one of 
the preceding claims wherein the counter or 
pseudo-reference electrode is selected from gold, 
platinum, palladium, silver and silver chloride, 

5 . An electrochemical cell according to any one of 
the preceding claims wherein the reference electrode 
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comprises silver or silver chloride. 

6. An electrochemical cell according to Claim 2 
wherein the working electrode is on the side of the 
membrane having pore openings of smaller 

cross -sect ion. 

7. An electrochemical cell according to any one of 
the preceding claims wherein the membrane is 
impregnated with one or more reagents. 

8. An electrochemical cell according to Claim 7 
wherein the membrane is impregnated with an enzyme 
and a mediator. 

9. An electrochemical call according to Claim 7 
wherein the membrane is impregnated with GOD and a 
mediator . 

10. An electrochemical cell according to any one of 
the preceding claims wherein the membrane is 
impregnated with GOD/Ferricyanide . 

11. A method of detecting an analyte in a sample 
comprising the steps of contacting the sample with 
the target area of an electrochemical cell according 
to any one of claims 1 to 10. 

12. A method of manufacture of an electrochemical 
cell comprising the steps of disposing a working 
electrode on one side of a membrane, said membrane 
having pores communicating from one membrane side to 
the other, and disposing a counter or 

pseudo- reference electrode on the side of the 



WO 95/28634 PCT/AU95/00207 

- 17 - 

membrane opposite the first, at least one of the 
electrodes being liquid permeable. 

13. A method according to Claim 12 wherein at least 
one of the electrodes is formed on a surface of the 
membrane , 

14. A method according to Claim 12 wherein the at 
least one an electrode is formed by deposition means 
selected from the group consisting of sputtering, 
electroless plating, electroplating, evaporation, 
and anodization. 

15 . A method according to any one of claims 12 to 
14 wherein said membrane pores are of larger 
cross-section on one side of the membrane than on 
the other. 

16. A method according to Claim 15 wherein a 
working electrode is disposed on the side of the 
membrane having pores of lesser cross -sect ion. 

17 . A method according to any one of claims 12 to 

16 further comprising the step of covering the 
working electrode with an impermeable layer except 
at one or more "target" areas. 

18 . A method according to any one of claims 12 to 

17 further comprising the step of forming a 
reference electrode on the side of the membrane 
opposite the working electrode. 

19 . A method according to any one of claims 12 to . 
17 further comprising the step of forming a 
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reference electrode on the same side as the working 
electrode . 

20. A method according to Claim 7 wherein the 
reference electrode comprises silver and/or silver 
chloride . 

21. A method according to any one of claims 12 to 
20 further comprising impregnating the porous 
membrane with one or more mediators. 

22 . A method according to Claim 21 wherein the 
mediator is in an oxidized state. 

23 . A method according to any one of claims 12 to 
20 wherein the porous membrane is impregnated with 
GOD/Ferricyanide . 

24. A method according to any one of the preceding 
claims further comprising the step of applying an 
electrically insulating composition over at least a 
part of an electrode surface. 

25. A method according to any one of the preceding 
claims wherein the membrane comprises a polymer 
selected from the group consisting of polysulphones , 
polyamides, poly vinylidene halides, poly 
acrylonitriles and poly carbonates. 

26. A method according to Claim 16 wherein the 
membrane is hydrophillic, inert and does not lyse 
red blood cells. 

27. An electrochemical cell according to Claim 10 
when used for the detection of glucose in blood. 
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